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THE EFFECT OF COMPRESSIOR RATIO ON KNOCK LIMITS OF
HIGH-FERFORMANCE FUELS IN A CFR ENGINE
III - BLENDS OF 2,3-DIMETHYLPENTANE WITH 28-R

By Henry E. Alquist and Leonard K. Tower

SUMMARY

The ¥nock-limited performence of blends of 0, 50, and 100 percent
by volume of 2,3-dimethylpentans in 23-R fucl was determined with a
modifiocd F-4 engins at three sets of conditions varylng from severe to
mild at each of three campression ratios (6.0, 8.0, and 10.0). The
knock-1limited performance of 2,3-dimethylpentane is shown to have
about the same sensitivity to compression ratio and inlst-alr tem-
poraturc as 28-R fuel. For all the conditlons tested the knock-
limlted performance of 2,3-dimethylpentane ranges from 12 to 47 pexr-
cent (average of 23 percent) higher than that of 28-R fuel.

INTRODUCTION

At the request of the Army Air Forces, Alr Technical Service
Command., a general progrem is being conducted at the Cleveland labo-
ratory of the NACA to investigate the knock-limited performance of a
selected group of aviation fuel camponents in relation to triptane
(2,2,3-trimethylbutans). (See reference 1.) Several hydrocarbons
are produced as byproducts or impurities 1n one of the proceases of
manufacturing triptanc.  These hydrocarbons, 1f left in the final
product, would materially increase the production of triptene. It
1s the purpose.of this report and of part IT (reference 2) to deter-
mine the antiknock effectiveness of two of thess hydrocarboms,
2,3-dimethylpentans and 2,2,3~trimethylpentans, over a wide range of
engine varlables.

The tests reported herein, vhich present the relative effects
of compression ratio and inlet-alr temperature on the knock-limited
performance of 2,3-dimethylpentans, were conducted during Novembser
1944.
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APPARATUS AND TEST FROCEDURE

The knock-limited performance of 2,3-dimethylpentans wase
obtalned on a modified F-4 engine with the auxillary knock-testing
oqulipment used for the testa reported 1n references 1 and 2. Data
wero obtalned at compression ratios of 6.0, £.0, and 10.0 for each
of the following sets of operating conditions:

Condition Imlet-alr tem- Coolant tem- Spark advarice

perature perature (deg B.T.C.)
(°F) (°F)
1 (severse) 225 375 45
2 (medium) 250 250 30
3 (mild) 150 250 30

Other engine conditions correspond to especification CRC-F-4-443.
On the same day, blends of 0, 50, and 100 percent by volume
2,3-dimethylpentane with 28-R were tested at one of the three com-
rression ratlos and a single operating condition.

DISCUSSION OF RESULTS

The knock-limited performance data for blends of 0, 50, and
100 percent 2,3-dimothylpentens are presonted in figures 1, 2, and
3 for compression ratios of 6.0, 8.0, and 10.0, respectively.
Parts (a), (b), and (c) of these figures contain data at condi-
tions 1, 2, and 3. A comparison of the data for 28-R and
2,3-dimethylpentane plus 4.53 ml TEL per gallon indicates that both
fuels have similar characteristics with respect to knock-limited
performence. The curves of knock-limited indicated mean effective
Pressure egainst fuel-alr ratio of the two fuels were roughly par-
allel over the entire fuel-alr-ratio range at all conditions tested.

The effoct of compression ratio on the knock~limited performance
of the test blends is summarized in teable I. The average kmock-
limited performence of 2,3-dimethylpentare is ebout 23 percent higher
than the knock-limited performance of 28-R fuel. In certain ceses an
increase of compression ratio from 6.0 to 10.0 resulted in a decreased
-antiknock effectiveness of 2,3-dlmethylpentane. This decrease was not
go apparent as for tripteane and 2,2,3-trimethylpentane, partly because
the knock-limlted power attained with 2,3-dimethylpentans at low com-
Pression ratios and moderate operating conditions was much lower than
that obtailned with 2,2,3-trimethylpentans or tripteme. Table IT shows
the effect of inlet-alr temperature on the knock limits of blends con-
taining 2,3-dimothylpentane and 28-R fuel at three compression ratios.
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Except at a compression retio of 10.0 and lean fuel-air mixtures, tho
sensltivities of 28-R fuel and 2,3-dimsthylpcntane to inlet-alr tem-
perature were about the same.

The data from figures 1, 2, and 3 were croes-plotted in figure 4
es compression ratio agalnst kmock-limited indicated mean effective
Pressure’. This figure graphically summerizes the knock-limited per-
formance data of 28-R and 2,3-dimethylpentane showlng both fuels to
be slmilarly affected by compression ratic. Simllar plots presented
in references 1 and 2 indicated that triptane and 2,2,3-trimethyl-
Pontane were much more seusitive to compression ratio than 28-R fuel.

A gensral indicetion of the relative merits of triptane,
2,2,3-triuethylpentane; and 2,3-dimothylpontane as functions of com-
pression ratio i1s given in figure 5 at condition 2 (medivm) and a
fuel-air ratlio of 0.065. A lack of date provented comparisons at
other fuel-air ratios. The average kmock-limited indicated mean
effsctive pressures obtained with triptanoc, 2,2,3-trimethylpentane,
and 2,3-dimethylpentane were resrectively 124, 98, and 23 porcent
greater than that obtained with 23~R fuel; 2,3-dimethylpentane and
28-R do heve the advantageo, howeover, of a lower sensitivity to englne
severlty.

SUMMARY OF RESULTS

The results of knock-limited tests of O, 50, und 100 percent
blends of 2,3-dimethylpentane and 28-R fusl in a modified F-4 engilne
under three operating conditions at compression ratios of 6.0, 8.0,
and 10.0 are sumerized as follows:

1. The knock-limited performance of 2,3-dimethylpentane has
about the seme sensitlvity to compression retlio and inlet-ailr
temperature as 28-R fuel.

2. For all the conditions tested the knock-limited performance
of 2,3~dimethylpentans ranges from 12 to 47 percent (average of
23 percent) higher than that of 28-R fusl.

Alrcraft Engline Rescarch Laboratory,
National Advisory Committeo for Aeronautics,
Cleveland, Ohlo, February 10, 1945.
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TABLE I - EFFECT OF CCMPRESSION RATIO ON THE ENOCK LIMITS OF BLENDS CONTAINING

2,3-DIMETHYLPENTANE AND 28-R FUEL AT THREE SETS OF ENGINE CONDITIONS

[Condition 1: inlet-air temperature, 2252 F; coolant temperature, 375° F]
spark advance, 45° B.T.C.
Condition 2: inlet-alr temperature, 250° F; coolant temperature, 250° F;
spark advance, 30° B.T.C.
Condition 3: 1inlet-air temperature, 150° F; coolant temperature, 250° F;
L spark advance, 30° B.T.C. g
Percentage imep ratio®
2,3-dimethyl-|F/A = 0.0625 | F/A = 0.070 | ¥/A = 0.090 | F/A = 0.110
pentans in ™o 33tion Condition Cond1tisn Condition
final blend
1 J2 I3 J1 [2 13 |2 {215 |1 lz {3
Compression ratios. 6.0
0 11.00§1.00{1.00}1.00{1.00}1.0041.00}1.0041.00}1.00}1.00}1.00
50 1.09(1.13}1.131.1041.14(1.15|1.1041.,111.13{1.07}1.07 |1.09
100 1.2111.29 1,291.27{1.26(1.30}{1.20]1.20:1.22{1.17{1.20{1.13
Compresslon ratio, 8.0
0 1.0011.00{1.00}1.0C|1.00{1.00{1.00|1.C01.00}1.00}1.00{1.00
50 1.17|1.15}1.12}1.20{1.1341.1191.21§1.13{1.1041.09}{1.09|L.09
100 1.33]1.23511.2611.47|1.2611.23]1.36|1.23}1.22}1 151}.24 1.20
Compression ratio, 10.0
0 1.0001.00}1.00|1.00{1.0011.00(1.00|1.00|1.00{1.00{1.00}1.00
50 1,00{1.04{1.13{1.00]1.02(1.12{1.00(1.21}1.10|1.05}|1.07|1.11
100 1.12§1.171.2841.15|1.16{1.25{1.28{1,22|1.21|1.21{1.18{1.19

®Lead concentration, approximately 4.53 ml TEL/gal.
imep of blend/imep of 28-R fuel.

bimep ratis =

National Advisory Committee

for Aeronau%ics
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TABLE II -~ FFFECT COF INLET-AIR TEMPERATURE ON THE ENOCK LIMITS OF BLENDS
CONTAINING 2,3-DIMETHYLPENTANE AND 28-R FUEL AT THREE COMPRESSION RATIOS

[F-4 engine operating at mild ani medi:m conditicns: inlet-air tamperatires,
1500 F and 250° F; coolant temperature, 250° F; spark advance, 30° B.T.C]

Percentage F/A = 0.0625 F/A = 0.0790 F/A = 0.080 F/A = 0,090
2,3-dimethyl-lynen [imep |imep |imep [imep |imep |imep _|imep
3 b b b
pentane in a |ratio®ldiffer- |ratio®ldiffer- ratioP|differ- {ratio® |differ-
final blend ence® enca® [pncec ence®
Campression ratio, 6.2
C 1.22 39 1.24 27 1.10 22 1.C5 12
' 50 1.22 45 1.15 k13 1.11 28 1.07 18
100 1.22 50 1.17 42 1.1 I 30 1.07 20
Compression retic, 8.0
0 1.13 | 20 1.1F 24 |1111 20 |1.08] 12
50 1.12 21 1.13 23 1.07 15 1.03 7
100 1.18 33 1.12 24 1.10 21 1.06 13
Compressisn ratio, 10.0
0 1.33 32 1.33 33 1.31 35 1.28 35
50 1.45 46 1.48 49 1.36 44 1.27 39
100 1.45 52 1.48 £Z2 1,39 53 1.26 42

®Lend concentration, approximately 4.F3 ml TFL/gal.
Pimep ratio = imep at 150° ¥/imep at 2507 F,
Cimep difference = imep at 150° F - imep at 250° F.

National Advisory Committee
for Aeronautics
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(b) Inlet-alr temperature, 250° F; coolant temperature, 250° F; spark advance, 30° B,T.C.

Figure 1., - Continued.
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(c) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, 30°.B.T.C.
Figure 1, - Concluded.
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(c) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, 30° B.T.C.
Figure 3, - Ooncluded.
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(a) Inlet-air temperature, 225° F; coolant temperature, 375° F; spark advance, 45° B,T.C,
Figure 4, - Effect of compression ratio on knock~1limited performance of 0, 50, and
100 percent 2,3-dimethylpentane in 28-R fuel at fuel-air ratios of 0.062 and 0,090,
Engine speed, 1800 rpm; oil temverature, 165° F,
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(b) Inlet-air temperature, 250° F; coolant température, 250° F; spark advance, 300 B.T.C.
Figure 4. - Continued,
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(c) Inlet-air temperature, 150° F; coolant temperature, 250° F; spark advance, 30° B,T.C,

Figure

4, - Concluded.
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Figure 5, -~ A comparison of the effectiveness of triptane, 2,2,3-
trimethylpentane, and 2,3-dimethylpentane relative to 28-R fuel.
Inlet-alr temperature, 2500 P; coolant temperature, 250° F; spark
advance, 30° B,T.C.; engine speed, 1800 rpm; oil temperature, 165° F,
Data for triptane and 2,2,3-trimethylpentane taken from reference
1l and 2, respectively.,
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